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DETAILED ACTION 

Claims 55, 63, 72 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

In claim 55, the ending period is missing; in claim 63, "the biasing step" lacks 
antecedent basis; in claim 72, "the metal nitride" lacks antecedent basis. 

Claims 69-80 are rejected under 35 U.S.C. 112, first paragraph, as failing to 
comply with the written description requirement. The claim(s) contains subject matter 
which was not described in the specification in such a way as to reasonably convey to 
one skilled in the relevant art that the inventor(s), at the time the application was filed, 
had possession of the claimed invention. There is no support for the interconnect for 
gate widths of the dimensional range now claimed in claim 75. Applicant is requested 
to point out support for the particular dimension now claimed in the preamble of claim 
75. The specification on page 7 line 18 appears to refer to .25 urn. There is no support 
for the first layer being tungsten as now claimed in claim 70; there is no support for the 
refractory metal to include tungsten as now claimed in claim 69. Applicant is requested 
to point out support from the original disclosure for the use of tungsten as the particular 
material for the first layer. The specification on page 13, lines 4-5 recites that the first 
material may be a generic refractory metal and recites titanium, cobalt, tantalum, and 
molybdenum but does not recite the particular material of tungsten and the particular 
combination now claimed. 
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This application presents a claim for subject matter not originally claimed or 
embraced in the statement of the invention. The various additionally claimed matter 
regarding the collimator, e.g., claim 76, the ionization coil, e.g., claim 77, the particular 
material of tungsten as the first layer material, e.g., claim 69, 70. A supplemental oath 
or declaration is required under 37 CFR 1 .67. The new oath or declaration must 
properly identify the application of which it is to form a part, preferably by application 
number and filing date in the body of the oath or declaration. See MPEP §§ 602.01 and 
602.02. 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 1 03(a). 

For convenient referencing, "et at." are omitted, e.g., Bai for Bai et al. 
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Claims 54-80 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bai in view of Ho, Hower, or Fu, and Harshfield. 

Bai ( 5,714,418) teaches forming substrate 40, forming dielectric 41 , patterning 
the dielectric layer 40 to form trench 47, forming capturing layer 43 of titanium material 
having a thickness between 5 A and 500 A, forming blocking layer of titanium nitride 
having a thickness between 1 0 A and 500 A. Deposition by sputtering or by CVD is 
also taught. See column 5 lines 1-33, column 8 lines 7-57, Fig. 3, column 10, lines 4-49. 

Bai lacks anticipation essentially in that it does not explicitly recite the plasma 
annealing of the titanium nitride barrier. 

Ho (5,175,126) teaches plasma reaction of titanium nitride in suitable gases, e.g., 
oxygen, nitrogen, to fill the grain boundaries hence improving barrier characteristics. 
See column 7 line 28 to column 8. The use of nitrogen or hydrogen as the gas to stuff 
the nitride is also taught. See column 7 lines 4-27, column 10 lines 3-20. 

Hower (5,712,193) teaches plasma treatment of titanium nitride in argon to 
reduce silicon movement therethrough and to reduce interface defects. See column 2 
line 56 to column 3 line 30. 

Fu (5,685,960) teaches plasma treatment of titanium nitride in argon wherein the 
treatment smoothens the TiN and improves wettability. See column 2 line 48 to column 
3 line 16. 

Harshfield (5,612,558) teaches forming refractory metal nitride 50 including by 
CVD using TDMAT having excellent conformity and the plasma annealing including in 
hydrogen or nitrogen is advantageous wherein organic content including carbon can be 
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reduced and wherein lower resistance can be obtained. See column 4 line 29 to 
column 5 line 18. 

It would have been obvious to one skilled in the art at the time the invention was 
made in practicing the Bai process to have employed plasma treatment of the titanium 
nitride since such is conventional and advantageous to improve barrier characteristics 
and wettability as taught by Ho, Hower, and Fu. Such annealing of the titanium nitride 
would have been further advantageous since it would permit the titanium nitride to have 
improved characteristics including lower resistance and reducing organic or carbon 
content as taught by Harshield. It would have been obvious and would have been within 
the purview of one skilled in the art to have employed conventional collimating 
sputtering including conventional use of ionization coil for such sputtering, to have 
selected the desired conventional plasmas, the conventional electrical biasing, and rf 
signal, to have employed conventional alternative refractory metal such as titanium, 
tungsten, tantalumn, cobalt, molybdenum, and conventional alternative metal nitrides, 
including the optimization of appropriate layer thicknesses including the teachings as 
delineated in Bai as delineated above, including at column 10 lines 11-15, lines 48-50, 
lines 56-62. The plasma annealing in the same chamber or in a different chamber 
would have been obvious and would correspond to an obvious alternative wherein 
exposure to air and contamination therefrom can be avoided. Alternatively, official 
notice is given regarding such conventional collimating sputtering, conventional use of 
ionization coil during sputtering, conventional plasmas, electrical biasing and rf signal, 
same chamber treatment, conventional alternative refractory metal or metal nitrides. 
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The use of sputtering and CVD would have been conventional and obvious to form the 
layers in question and as such use of CVD of TiN including the use of metalorganic gas, 
e.g., as in claims 54, 65, 71, 79, 80 is advantageous to provide conformity as evidenced 
by Harshfield. Regarding the use of plasma of at least one gase of nitrogen, hydrogen, 
argon, helium, or ammonia, e.g., as in claims 58, 60, 67, the selection of such 
conventional and appropriate plasma would have been obvious given the plasmas 
employed in Ho, Hower, Fu, and Harshfield as delineated above. 

Claims 58, 61-63, 66-67, 73 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Bai in view of Ho, Hower, or Fu, and Harshfield as applied to claims 
54-80 above, and further in view of Gilboa. 

Regarding the limitations in these claims, Gilboa (EP 0 477 990) further 
evidences the conventionality of using appropriate plasma annealing ambient including 
ammonia, and the plasma treatment using the same chamber or a different chamber 
wherein exposure to air can be avoided, and the biasing during plasma treatment and 
the optimization of processing parameters to obtain optimal enhancement of a particular 
barrier film, see, e.g., column 4 line 33 to column 5 line 32. 

It would have been further obvious to one skilled in the art to have employed 
such alternative plasma environment, alternative of using same chamber or different 
chamber, and the use of bias during plasma treatment since such use is conventional 
and advantageous as suggested by Gilboa. 

Claims 54-80 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Dixit or Sandhu taken with Suguro, Harshfield, and Ho or Fu. 
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Dixit (4,960,732) teaches forming channel 16 through insulating layer 14, forming 
titanium 19, e.g., about 100 A, forming titanium nitride thereon, e.g., to about 250 A, 
using conventional deposition method. Well known alternative refractory metals and 
metal nitrides and alternative deposition techniques are also shown. See column 4 line 
64 to column 7 line 1 1 . 

Sandhu (5,723,382) teaches channels 31 in insulating layer 32, forming titanium 
layer 35, forming titanium nitride barrier layer 4, forming tungsten or aluminum or copper 
thereon. See column 6 line 61 to column 7 line 33. 

The Suguro article teaches the use of TiN as barrier layer wherein optimization of 
layer thickness of the titanium nitride is also taught, including the use of TiN thickness of 
4 nm, 7 nm, and 10 nm; see the abstract, the paragraph bridging pages 280 and 281 , 
wherein TiN thickness as low as 10 nm is employed. 

Harshfield (5,612,558) teaches forming refractory metal nitride 50 including by 
CVD using TDMAT having excellent conformity and the plasma annealing including in 
hydrogen or nitrogen is advantageous wherein organic content including carbon can be 
reduced and wherein lower resistance can be obtained. See column 4 line 29 to 
column 5 line 18. 

It would have been obvious to one skilled in the art at the time the invention was 
made in practicing Dixit or Sandhu to have employed plasma treatment of the titanium 
nitride since such is conventional and advantageous since it would permit the titanium 
nitride to have improved characteristics including lower resistance and reducing organic 
or carbon content as taught by Harshield. It would have been obvious and would have 



Application/Control Number: 08/825,360 Page 8 

Art Unit: 2814 

been within the purview of one skilled in the art to have employed conventional 
collimating sputtering including conventional use of ionization coil for such sputtering, to 
have selected the desired conventional plasmas, the conventional electrical biasing, 
and rf signal, to have employed conventional alternative refractory metal such as 
titanium, tungsten, tantalumn, cobalt, molybdenum, and conventional alternative metal 
nitrides, including the optimization of appropriate layer thicknesses including the 
teachings as delineated in Sugaro and Dixit as delineated above Alternatively, official 
notice is given regarding such conventional collimating sputtering, conventional use of 
ionization coil during sputtering, conventional plasmas, electrical biasing and rf signal, 
same chamber, conventional alternative refractory metal or metal nitrides. The use of 
sputtering and CVD would have been conventional and obvious to form the layers in 
question and as such use of CVD of TiN including the use of metalorganic gas, e.g., as 
in claims 54, 65, 71 , 79, 80 is advantageous to provide conformity as evidenced by 
Harshfield and as evidenced by Sandhu, the abstract, column 2 lines 55-65. Regarding 
the use of plasma of at least one gase of nitrogen, hydrogen, argon, helium, or 
ammonia, e.g., as in claims 58, 60, 67, the selection of such conventional and 
appropriate plasma would have been obvious as delineated above and as delineated in 
Sandhu, column 5 line 63 to column 6 line 7 and in Fu evidencing the conventionality of 
appropriate plasmas. Alternatively, official notice is given regarding the selection of the 
desired and conventional plasmas. The use of first and second plasma to insure 
effectiveness of such treatment would have been obvious as shown in Ho as delineated 
above. 
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Claims 58, 61-63, 66-67, 73 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Dixit or Sandhu taken with Suguro, Harshfield, and Ho or Fu as 
applied to claims 54-80 above, and further in view of Gilboa. 

Regarding the limitations in these claims, Gilboa (EP 0 477 990) further 
evidences the conventionality of using appropriate plasma annealing ambient including 
ammonia, and the plasma treatment using the same chamber or a different chamber 
wherein exposure to air can be avoided, and the biasing during plasma treatment and 
the optimization of processing parameters to obtain optimal enhancement of a particular 
barrier film, see, e.g., column 4 line 33 to column 5 line 32. 

It would have been further obvious to one skilled in the art to have employed 
such alternative plasma environment, alternative of using same chamber or different 
chamber, and the use of bias during plasma treatment since such use is conventional 
and advantageous as suggested by Gilboa. 

Claim 77 is rejected under 35 U.S.C. 103(a) as being unpatentable over *** as 
applied to claims 54-80 above, and further in view of Kniseley. 

The use of ionization coil for thin film coating as in this claim is well known in the 

art as delineated above and as evidenced by Kniseley, column 6 lines 54 to column 7 

line 3 and as such would have been obvious. 

The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. See In re Goodman, 1 1 
F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 
1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970);and, In re Thorington, 
418 F.2d 528, 163 USPQ 644 (CCPA 1969). 
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A timely filed terminal disclaimer in compliance with 37 CFR 1 .321 (c) may be 
used to overcome an actual or provisional rejection based on a nonstatutory double 
patenting ground provided the conflicting application or patent is shown to be commonly 
owned with this application. See 37 CFR 1 . 1 30(b). 

Effective January 1 , 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 
37 CFR 3.73(b). 

Claims 54-80 are rejected under the judicially created doctrine of obviousness- 
type double patenting as being unpatentable over claims 1-41 of U.S. Patent No. 
5,989,999 (hereinafter '999) in view of any of Dixit, Sandhu, or Suguro. 

'999 claims the deposition of tantalum nitride and plasma treatmentannealing, 
e.g., claim 1 , including by metallorganic precursor gas (claim 14); the plasma 
environment (claims 1, 34) also is taught including nitrogen, hydrogen, argon, helium, 
ammonia, e.g., claim 10. The use of biasing, first and second plasma, same chamber, 
etc., is also claimed. The carbon reduction would take place during such plasma 
exposure since the same plasma processing is employed; such and further is 
conventional, inherent and apparent as evidenced by '999, see, e.g., column 22 lines 
43-45. This thus corresponds substantially to the claimed subject matter in the claims 
of the instant application (S.N. 08/825,360; hereinafter '360) except for the use of an 
underlying refractory metal. 

Dixit, Sandhu, and Suguro are applied as above. 

It would have been obvious to one skilled in the art in practicing the above 
claimed invention to have included the underlying refractory metal since such use is 
conventional and advantageous to improve adhesion and to reduce resistivity as 
delineated in Dixit, column 4 line 20 to column 5 line 13, particularly column 4 lines 20- 
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37 wherein such underlying layer is conventional and advantageously serves as an 
adhesion layer and to reduce resistivity; as in Sandhu, column 6 line 61 to column 7 line 
25 wherein the underlying titanium metal 35 serves to provide a low-resistance interface 
at the surface of the diffusion region; as in Suguro, the abstract, Fig.4, pages 280-281. 
It would have been obvious to one skilled in the art to have employed alternative and 
interchangeable metal nitrides given the teachings of Dixit, column 4 lines 43 et seq., 
and as evidenced from the record, including, e.g., previously enumerated in now 
cancelled claims 9, 20, 28, 50. The employment and optimization of appropriate layer 
thickness would have been obvious and would have been within the purview of one 
skilled in the art, given the teachings of Dixit, column 4 lines 28-57, of Suguro, wherein 
optimization of layer thickness of the titanium nitride is also taught, including the use of 
TiN thickness of 4 nm, 7 nm, and 10 nm; see the abstract, the paragraph bridging pages 
280 and 281 , wherein TiN thickness as low as 10 nm is employed. 

Applicant's arguments with respect to claims 54-80 have been considered but are 
moot in view of the new ground(s) of rejection. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to examiner Quach whose telephone number is 703-308- 
1096. The examiner can normally be reached on M - F from 9 to 5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor Wael Fahmy can be reached on (703) 308-4918. The fax phone number for 
the organization where this application or proceeding is assigned is (703) 872-9318 
(Before Final) and (703) 872-9319 (After Final). 
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Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 703-308- 
0956. 



